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Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S201track both OA-related cartilage changes and bone changes to evaluate their
suitability as treatment targets in knee OA.
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Purpose: The meniscal root is a ligamentous structure that anchors the
posterior horn of the meniscus to the tibial plateau. Association of isolated
meniscal root tears with progression of OA or cartilage loss has not been
examined. Aim was to assess the cross sectional association of medial
meniscal root tears with prevalent medial tibiofemoral (TF) cartilage
damage, medial meniscal extrusion and meniscal hypertrophy in subjects
with radiographic OA. We also assessed if isolated medial meniscal root
tears increased the risk of incident/progressive cartilage damage in the
medial TF compartment at 30-month follow up.
Methods: Of 6052 knees from 3026 subjects of the Multicenter Osteoar-
thritis Study, 1855 knees had whole knee radiographic OA at baseline and
were eligible for progression of radiographic OA. Of these, 597 knees were
randomly selected for this study. 49 knees were excluded because baseline
scores for meniscal root tear and cartilage were unavailable or because
cartilage could not be scored at follow-up. Age, gender, BMI, alignment of
the knee and Kellgren Lawrence grades were recorded. Cartilage damage
was semiquantitatively scored using WORMS in the 5 subregions of the
medial and lateral TF compartments, and was deﬁned to be WORMS score
2. Longitudinal progression of cartilage damage was deﬁnied as WORMS
score increase from baseline to follow-up including intra-grade changes in
at least one subregion. Meniscal morphology was scored from 0-4
according to WORMS. Meniscal extrusion and intrasubstance signal
changes were recorded as present or absent. “Isolated meniscal root tear”
was deﬁned as the presence of a root tear without any additional meniscal
pathology (WORMS 1-4). Medial meniscal hypertrophy was deﬁned as the
presence of an increase in meniscal height by >2mm of the meniscal body
relative to that of the lateral meniscus on the same coronal image where
meniscal extrusion was scored. We studied 3 groups of knees: 1. knees
with an isolated medial meniscal root tear (the exposed group); 2. knees
without root tears but with meniscal WORMS scores 1-4 pointing to other
meniscal pathology (referent group A); and 3. those without root tear or
meniscal pathology (referent group B). In the longitudinal analysis, we
calculated relative risks (RR) of incident/progressing cartilage damageTable 1
Prevalence of meniscal extrusion, hypertrophy and cartilage damage at baseline
Overall N(%) Exposed
Group
Referent
Group (A)
Meniscal extrusion 365 (62.7) 34 (91.9) 221 (78.9)
Meniscal hypertrophy 71 (11.9) 33 (89.2) 26 (8.8)
Cartilage damage 483 (81.3) 36 (97.3) 279 (95.2)
* Statistically signiﬁcant.
Table 2
Relative risk of incident/progressing tibiofemoral cartilage
No. of knees
Isolated Medial meniscal root tear (exposed group) 33
No root tear, but with any meniscal pathology in posterior
horn and/or body (group A)
270
No root tear, without meniscal pathology (group B) 245
* Statistically signiﬁcant.comparing the exposed group and the referent group A to the referent
group and B, adjusting for age, gender, BMI, and malalignment.
Results: For cross-sectional analyses 594 knees (1 knee/subject) were
included (64.1% women, mean age 62.8 +/- 7.9, mean BMI 30.9 +/-5.2::).
At baseline 62.7% had meniscal extrusion and 11.9% showed meniscal
hypertrophy (Table 1). There were 37 knees in the exposed group, 294 in
the referent group A and 264 in group B. Exposed knees showed higher
prevalence of meniscal extrusion than referent group B (91.9% vs. 60.7%,
p<0.0001, Table 1). Prevalence of meniscal hypertrophy was higher in the
exposed group (89.2%) than either referent groups (A: 8.8%, p<0.0001: B:
4.6%, p<0.0001). Prevalence of cartilage damage in at least one of medial
compartment subregions was higher in the exposed group (97.3%) than in
group B (63.7%, p<0.0001) but not A (95.2%, p¼0.057). Longitudinal
analyses included 548 knees. There were 33 knees in the exposed group,
270 in referent group A and 245 in group B. Using group B as the reference,
adjusted RR of cartilage loss was 2.04 (95%CI 1.19 - 3.49) for the exposed
group and 1.84 (1.32 - 2.58) for group A.
Conclusions: Isolated medial meniscal root tears are strongly associated
with medial meniscal extrusion and hypertrophy. Isolated meniscal root
tears and other meniscal tears or maceration seem to have similar adverse
effects on cartilage integrity longitudinally.
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Purpose:Meniscal tears are common and known to increase with age and
presence of radiographic knee osteoarthritis. Meniscal tears have been
shown to cause meniscus subluxation (extrusion), likely associated with
less coverage and mechanical protection of the femorotibial cartilage.
However, the magnitude of tibial plateau coverage by the meniscus at
different stages of radiographic knee OA has not been reported. The
purpose of this study therefore was to quantify tibial coverage, meniscus
position (extrusion) and meniscus size in painful knees with and without
radiographic joint space narrowing (JSN) using MRI. To avoid confounding
by differences in body size (and other whole-body speciﬁc factors),
a between-knee, within-person study design was used.P values Difference with
the Exposed Group
Referent
Group (B)
P values Difference with
the Exposed Group
0.062 109 (41.3) <.0001
<.0001* 12 (4.6) <.0001
0.57 168 (63.6) <.0001
Incident or progressing femoral or tibial cartilage damage
n (%) Crude RR Adj RR
19 (57.6) 2.35* (1.4,3.94) 2.04* (1.19,3.49)
139 (51.5) 2.10* (1.55,2.85) 1.84* (1.32,2.58)
60 (24.5) 1.00 (ref) 1.00 (ref)
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S202Methods: The subsample studied was drawn from the ﬁrst half (2678
cases) of the OA Initiative cohort (clinical data 0.2.1; imaging data 0.C.1).
The subjects had to fulﬁll the following criteria: BMI >25, frequent knee
pain (i.e., pain on most days on at least one month in the past 12 months)
in both knees; medial JSN OARSI grades 1-3 of one knee, no medial JSN in
the other (contra-lateral) knee, no lateral JSN in either knee. Participants
were selected based on the OAI site readings, were conﬁrmed by
a musculoskeletal radiologist (A.G.), and adjudicated in case of discrep-
ancies by a rheumatologist (D.H.). 67 cases fulﬁlled the speciﬁc inclusion
criteria, of which 47 were analyzed to date. Manual segmentation of the
entire tibial plateau and medial and lateral meniscus was performed on
coronal reconstructions of sagittal 3T DESSwe sequences; the meniscus
root, the Lig. transversum, and parts of the meniscus extruding anteriorly
and posteriorly beyond the tibial plateau were not included. From 3D
reconstructions, measures of meniscus position (% tibial plateau coverage,
% extrusion of the tibial meniscus area, mean extrusion distance in the
central 5 slices) and size (volume, height [maximal thickness], width) were
determined using custom software. Differences between (contra-lateral)
knees were assessed using paired t-tests, with p<0.01 chosen in view of
multiple comparisons.
Results: The 47 participants included 15 men and 32 women (age
59.18.5 y [meanSD]; BMI 31.84.3 kg/m2). Of the knees with medial
JSN, 30 were grade 1, 15 grade 2, and 2 grade 3. Values for the medial
meniscus are shown in Table 1, and direct between-knee, within-
person differences in Table 2.
The medial tibial plateau showed substantially less (meniscal) coverage
and the medial meniscus substantially more extrusion in JSN vs. no-JSN
knees, particularly at higher JSN grades (Tables 1 & 2). Medial meniscus
volume and height were not signiﬁcantly different between JSN vs. no
JSN knees, but meniscus width was signiﬁcantly smaller in JSN knees. In
the lateral meniscus, no signiﬁcant differences in tibial coverage,
meniscus position, or meniscus size were observed between knees with
and without medial JSN (data not shown).
Conclusions: Knees with frequent knee pain and medial JSN display
substantially less medial tibial coverage and more extrusion of the medial
meniscus compared with contra-lateral knees without radiographic JSN,
likely associated with less mechanical protection of the medial tibial
cartilage. In comparison, differences in meniscus size between JSN and no-
JSN knees were only modest. No signiﬁcant alterations of the lateral
meniscus were observed in knees with medial JSN.Table 1
Medial Meniscus Position and Size (MeanSD) as a Function of JSN
Medial Meniscus Position
Cov (%) Extr.A (%) Extr. D (mm
JSN0 (n¼47) 457.4 178.4 2.01.3
JSN1 (n¼30) 378.9 258.0 2.91.2
JSN 2/3 (n¼17) 2511 4419 4.62.0
JSN ¼ radiographic joint space narrowing (OARSI grade); Cov (%) ¼ % coverage of the tib
extruding over the tibial plateau rim; Extr. D ¼ extrusion distance in the central 5 slices
Table 2
Side Differences (MeanSD) of Medial Meniscus Position and Size (JSN vs. no JSN)
Medial Meniscus Position
Cov (%) Extr.A (%) Extr. D (mm
JSN1 vs. 0 -7.3 8.3** 7.9 9.0** 0.9 1.2**
JSN2/3 vs. 0 -21 10** 27 18** 2.6 1.9**
* p<0.01 / ** p<0.001 (paired t-test between contra-lateral knees).407
IDENTIFYING RADIOGRAPHIC PHENOTYPES OF EARLY KNEE
OSTEOARTHRITIS USING SEPARATE QUANTITATIVE FEATURES MIGHT
IMPROVE PATIENT SELECTION FOR MORE TARGETED TREATMENT
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Purpose: The expression of osteoarthritis (OA) varies signiﬁcantly
between individuals and over time, implying the existence of different
phenotypes. This study aims at identifying phenotypes of progression of
radiographic knee OA and to describe their radiographic and clinical
characteristics, which might lead to treatment targets.
Methods: In individuals with early knee OA from the Cohort Hip & Cohort
Knee (CHECK), baseline, two-year, and ﬁve-year follow-up (T0, T2y, and
T5y) radiographs were evaluated. Separate radiographic OA parameters
were quantitatively measured by Knee Images Digital Analysis (KIDA). To
identify phenotypes of radiographic knee OA progression, hierarchical
clustering was performed using the KIDA measurements of participants
with complete data at T0, T2y, and T5y (n¼417 of 1002). The phenotypes
were compared for development of joint space width (JSW), varus angle,
osteophyte area, eminence height, bone density, and for clinical charac-
teristics at T0. Additionally, logistic regression analysis evaluated whether
baseline radiographic features predicted towhich phenotype an individual
belonged.
Results: Overall, the radiographic features showed OA progression during
follow-up (ﬁgure). Based on the development, ﬁve clusters were identiﬁed
that were interpreted as ‘severe’ (n¼17; most progression of all radio-
graphic features) or ‘no’ (n¼108) progression, ‘early’ (n¼110; progression
of all features speciﬁcally between T0 and T2y) or ‘late’ (n¼69; progression
of all features speciﬁcally between T2y and T5y) progression, or speciﬁc
involvement of ‘bone density’ (n¼113). Clinical characteristics at T0 were
not evidently different between the clusters, and WOMAC (Western
Ontario and McMaster Universities) scores were only slightly lower in the
‘no’ cluster than in the other clusters. In the evaluation of predictors for the
different clusters, the area under the curve (AUC) improved when radio-
graphic features were added to basic demographic and clinical variables.
Kellgren & Lawrence grading was not a signiﬁcant predictor for any of the
phenotypes. The predictors for ‘early’, ‘late’, and ‘no’ progressionMedial Meniscus Size
) Vol (ml) Height (mm) Width (mm)
2.030.78 6.41.2 9.01.5
1.960.74 6.71.4 8.21.8
1.610.57 6.51.2 7.51.3
ial plateau by the meniscus; Extr. A (%) ¼ % of the tibial meniscus surface
, Vol ¼ Volume.
Medial Meniscus Size
) Vol (ml) Height (mm) Width (mm)
-0.15 0.42 0.28 1.0 -1.0 1.3**
-0.29 0.69 0.11 1.4 -1.3 1.5**
